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PREFACE

Under USAFETAC Project 90814, USAFETAC/DNO sought to detcrmine whether or not a National Weather
Service snow forccasting model in usc by Det 8, 26WS, at Griffiss AFB, NY, actually worked. During the winter of
1989-90. Griffiss forccasters used a lake-clfect snow forecast decision trec developed by the National Weather
Scrvice Forecast Office (NWSFO) at Buflalo, NY (Niziol, 1987). This mcthod for predicting lake-effect snow was
bascd on model-derived forccast variables. USAFETAC's goal was to tailor the NWS decision tree for Griffiss
AFB, NY, and produce a uselul lakc-effect snow forecasting tool for that station.
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1. INTRODUCTION.

1.1 Purpose. The purposc of USAFETAC Project 90814 was to determine whether or not a fake-cffect snow
forecasting method used by AWS weather forecasters at Griffiss AFB, NY (Det 8, 26 WS) actually improved snow
forecasts. During the 1989-90 winter, Griffiss forccasters used a lake-effect snow forecast decision tree developed
by the National Weather Service Forecast Office (NWSFO) at Buffalo, NY (Niziol, 1987), a procedure based on
modcl-derived forecast variables. USAFETAC was charged with tailoring this decision trec for Griffiss AFB and
producing a uscful lake-cffect snow forecasting tool.

1.2 The Original Buffalo Decislon Tree. To forecast the onset of lake-effect snow using the original Buffalo
decision uce (shown in Figure 1), all three of the following conditions must be met:

oThe temperature difference between Lake Ontario and the 850-mb level must be 13°C or more.
”.()NT i Ta.m2 13)

*Wind direction in the boundary layer and at the 850-mh level must be beiween 230 and 080 degrees.
(230 <9, < 080)

*Directional wind shear hetween the boundary layer and 7(00) mh must be less than 60 degrees.
(-60 £ 0,5, 5 S60)

where: 0, ., =6,,,- 6, m

1.3 The "Modified” Buffalo Decision Tree. USAFETAC modificd the Buffalo dccision tree (at the
customer’s request) by changing the required wind direction range between the boundary layer and 850 mb from
230-080 10 240-350 degrees. The new method created through this change will be referred to here as the "modificd
Buflalo tree.”

1.4 USAFETAC Variations. Scvcral other variations of the Buffalo decision trec were developed for Griffiss
AFB. One diffcrence between the old and new trees was the range cach variable must satisfy before forecasting
snow (Figure 2). For example, the required temperature difference between the lake and 850 mb was changed o
greater than 6 degrees, versus the original (3. How these new threshold values were determined will be discussed in
Section 3. A stability index was also added 1o the first modification, and scveral formulations of the stability index
werc lested (Table 1).

1.5 Verification. The 11 most promising variations tailored for Griffiss AFB, as well as the modificd Buffalo
tree, were verified.  Verification showed little differcnee between any of the USAFETAC-developed trees, and all
the new Griffiss AFB trees had more skill than the modificd Buffalo trec (Scc Scction 4).




DECISION TREE FOR LAKE-EFFECT SNOW OVER WESTERN NEW YORK

IS THE temperature difference between the lake and the 850-mb level 13°C or more?

v \
YES NO o>

v

Lake-effect snow not likely.

IS THE wind direction at the boundary layer and 850-mb level:
beiween 230° and 340° at Lake Erie?

between 230° and 080° at Lake Ontario?

v v

YES NO >

v

Lake-effect snow over western/central New York
not likely.

the boundary layer and 700 mb?

IS THERE less than 30-degrees of directional wind shear between

\Y \%
YES NO &>

v

IS THE shear between 30 and 60 degrees?

v v

NO YES

v Y

v Instability exists, but shear is V

V detrimental to formation.

Lake-effect snow likely.

v

Lake-effect snow possible, but shear will limit intensity.

Figure 1. Lake- Fffect Snow Forecasting Decision Tree Used as a Guide at the Buffalo NWSFQ (Adapted from

Niziol ,1987).




‘ DECISION TREE FOR LAKE EFFECT SNOW AT GRIFFISS AFB, NY

IS DELTAT (Lake Ontario temperature reported on Rochester observation minus
850-mb temperature at Buftalo) greater than 6°C?

v

YES

\4

ARE BLWNDIR (boundary layer (lowest 50 mb) wind direction at Buffalo) and
WNDIR850 (wind direction at 850 mb at Buffalo) both between 240° and 350°7

\

YES

\/

IS DIRSHR (700-mb wind direction minus 1,000-mb wind direction at Buffalo) between

-30 and 60 degrees?
' Note: Negative values imply backing: positive values, veering.
YES

v

IS INDEX 1 ( one of four stability indices developed for Griffiss AFB--see Table 1)
less than or equal to -4?

YES

v

Lake-effect snow IS likely.

Figure 2. Example of a Lake-Effect Snow Forecasting Decision Tree For Use as a Guide at Griffiss AFB, NY.




TABLE 1. Stability Indices. Tempcratures and dew points at 850 and 700 mb arc for Buffalo.

INDEX 1 = (850-mb temp - Lake Ontario temp) + (850-mb temp - 850-mb dew point)

INDEX 2 = 850-mb temp - Griffiss tcmp

INDEX 3 = (850-mb temp - Griffiss temp) + (850-mb temp - 850-mb dew point)

INDEX 4 = (850-mb temp - Griffiss temp) + (850-mb temp - 850-mb dew point) +
{700-mb temp - 850-mb temp)




2. DATA AND LIMITATIONS.

2.1 Data used in the Study. The customer asked that the following data be used: surface weather observations
tor Gritfiss AFB: upper-air observations for Albany and Buttalo, NY, and Maniwaki, Canada: and tecmperature for
Lake Ontrio. To develop the Griffiss decision trees, data from 1973 0 1986 was used.  Data from 1987 1o 1988
was used (or independent verification of the developed trees. Variable clements used are shown in Table 2.

TABLE 2. List of Variables, Reporting Stations, and Frequency.

Variables Reporting Stations __ Frequency
*Visibility, present weather, temperature, dew point, Grifliss AFB, NY Hourly
wind dircction and speed, 6- and 24-hour snowfall,

+1.000-mb height and wind speed

*Y50-mb wind speed

*850-mb height, wind dircction/speed, temperaturc/dew point
+700-mb height, wind dircction/speed. temperature/dew point

*Wind dircction shear from 1,000 to 700 mb Albany & Buffalo, NY 00 & 12Z
*Wind direction shear from 1,000 10 850 mb and
*Mecan wind dircction/speed from 950-1,000 mb Manawaki, Canada

*Mcan wind dircction/speed from 8S0- 1,000 mb
*Mcan wind dircction/speed (rom 700-1 (XX mb
*Lowest inversion below 500 mb

*Sccond lowest inversion below SO0 mb

Lake Ontario water temperature, Rochester, NY Once daily

1. Calcuiated in this study from 6-hour snow depth measurements.
2. Mecasured at city inlct and appended 10 Rochester surface weather obscervation between 13 & 15Z.

2.2 Surtace Data. Surfacc obscrvations for Griffiss AFB hetween October and April were used.  To determine
snow amount, the change in snow depth reported on the 6-hourly obscrvation was calculated. Snow amount was sct
o zero when Joss of spow cover occurred.  Although not as accurate as actual 6-hour snowfall measurcments, this
mcthad was consistent throughout the period of record.

2.3 Upper-Air Data. Temperature, dew point, and wind data was obtained from radiosonde soundings at Albany
and Buftalo, NY . and Maniwaki. Canada. from 1973 10 1988. Only October-April data was used.

2.4 Lake Temperature. Thc Lake Ontario temperature is shown as a remark on the Rochester, NY, surface
obscrvation between 1300 and 15(0Z: Rochester has reported lake temperature this way since 1983, Inspection of
the data showed large (up 0 10°C) day-to-day lake temperaturc oscillations.  The lake icmperature scnsor was
located in the Rochester city water inlet, about 12 meters below the surface and 1.6 km offshorc.  With strong
westerly winds, lake water mixing caused temperature oscillations at the inlet.  To smooth these oscillations, a
computer algorithm was developed to calculate a S-day running mcan lake temperature.  [f more than 5 days in a
row were missing, the algorithm started over again with the next valid temperature.  From the smoothed
tcmperaturcs, mcan daily lake temperatures were computed and a full ycar’s climatology constructed. Lake
temperature climatology for 1973 10 1982 was used rather than actual obscrvations.
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3. METHODOLOGY.

3.1 Approach. Surting with the modificd Buffalo decision ree, USAFETAC developed and tcsted a new
lake-cffect snow forecasting aid for Griffiss AFB. An clforl was also madc 10 obtain snow predictors through lincar
regression on the surface and upper-air variables.  Since a literature review showed the importance of aunospheric
stability in snow prediction, scveral stability indices (shown in Table 1) were also developed and tested.

3.2 Procedure. Surfacc, upper-air, and lake temperature obscrvations were combined into one data sct.  The
upper-air data was considered 10 be valid 6 hours cither side of the observation time. For example, a 00Z upper-air
sounding was associated with a 20Z surface obscrvation, and a (07Z surface observation was matched to a 12Z
sounding. When a Lake Ontario temperature was available, it was considered valid for the entire Zulu day;
otherwisc, the lake temperature climatology for that day was used.

3.2.1 To determine if a lake-cffect snow event had occurred, both the following criteria had o be met:

*Anincreasc in the 6-hourly snow depth report at Griffiss AFB

*Boundary layer (first 50 mb) and 850-mb wind directions were both between 240 and 350 degrees.

A valuc of 1 was then assigned for usc in corrclating fake-cffect snow cvents with other factors. If the criteria were

not mct, a "non-cvent” was identified and assigned a value of zero. A snow event had 10 meet only the first
criterion.

3.2.2 Dircctional wind shear (AB) used in the decision tree was obtained by

e‘nrl.mo = emo ° el.nnn 2)

where 8, is the 700-mb wind dircction and 0, is the 1,000-mb wind dircction. For cxample, given a wind

direction of 270 at 700 mb and 300° at 1,000 mb, thc magnitude of the directional shear between 1,000 and 700 mb
would be negative 30", which implics 30° of backing. Positive valucs indicale veering with height,

3.2.3 Our initial attempts to usc the modified Buffalo decision tree resulted in snow forecasts when the air
temperature was greater than 10°C. Therefore, all chservations in which the ambicnt air iemperature was greater
than 2.2°C (36°F) were excluded from this study.

3.3. Linear Regression. In an attcmpt to obtain snow predictors for Griffiss AFB, the variables in Table 2 were
correlated with lake-effect snow cvents, all snow events, 6-hour snowlall, and 24-hour snow(all. The intent was 0
usc lincar regression on the most highly correlated variables o develop predictive equations for lake-clfect snow, all
snow. 6-hour snowfall, and 24-hour snowfall. Howcver, because application of the Pcarson product-momcent
correlation method resulied in low values, we didn’t attempt to develop predictive equations.  Also, we dropped the

upper-air data for Albany and Maniwaki at this point because they were no more statistically significant than those
for Buffalo.

3.4 Declsion Tree Development. Given the customer’s specification that both the boundary layer and 850-mb
wind directions (predictors BLWNDIR and WNDIR850) must be between 2407 and 350° for lake-cifect snow, a

statistical procedure was employed (0 obtain the remaining predictors for the Griffiss AFB decision rees.
Frequency disuibutions of the following predictors were examined.

*DELTAT - Lake Ontario tcmperaturc minus 85(-mb tcmperature at Buffalo.

*DIRSHR - 700-mb wind dircction minus 1,000-mb wind dircction at Buffalo (ncgative values imply backing;
positive valucs, veering).
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3.4.1 Using frequency distributions of DELTAT and DIRSHR calculated for lake-cffect snow cvents and
non-cvents scparately, the relationship between the 95 pereentile valucs for lake-cffect snow cvents and the 50"
percentile values for non-events were cxamined (Figure 3). If the predictor’s 95™ percentile value for the lake-effect
snow cvents appeared at or below the 50" pereentile value for non-cvents (if it was associated with less than half of
the non-events), it was selected for usc in the decision trees. As it turned out, three values for DELTAT (6°C, 7°C,

and 8°C) werc all closely qualificd, and they were selected. Vatucs of DIRSHR that ualified fell in the range from
30° of backing to 60° of veering.

OBSERVATION
COUNT

->
/

VARIABLE VALUE

Figure 3. Superimposed Frequency Distributions of a Variable for Cases of Lake-Effect Snow Events (Solid
Curve) and No Lake-Effect Snow Events (Dashed Curve). Point A represents the 50" percentile for no lake-cffect

snow evenls; Point B represents the g5t pereentile for lake-cffcet snow events. Therclore, the valuc at B will be

used as a threshold in the decision trec. I{ the value of the variable is less than or equal to B, lake-effect snow would
be forecast.

3.4.2 The 12 lake-cffect snow forecast decision trees developed for Griffiss AFB and verified in this study arc
shown in Table 3. Tree A is the modificd Buffalo tree, Tree B is purposely verificd without a stability index
(INDEX), and Trees C through L arc composed of combinations of DELTAT and INDEX. The actual trec can be
obtained by replacing the ranges identified in Table 3 into the branches of Figure 2. Note that (o infer a forecast of

lake-cffect snow, all of the criteria in a particular tree must be met. The "variables” shown in Table 2 are defincd as
follows:

*DELTAT - Lake Ontario tempcrature reported on Rochester obscrvation minus 850-mb temperature at BufTalo.
*BLWNDIR - Boundary layer (lowcest 50 mb) wind direction at Bulfalo.

*WNDIR850 - Wind direction at 850 mb at Buffalo.

*DIRSHR - 7(0)-mb wind dircction minus 1,(XX)- mb wind dircction at Buffalo. Negative valucs imply backing;
positive values, veering.

<INDEX - Stability indcx developed for Griffiss AFB (Scc Table 1).




TABLE 3. Dependent and Independent Verification of Lake-Effect Snow Forecast Decision Trees (A-L)
for Griffiss AFB, NY. All variable critcria must be met to predict lake-cflect snow.

Tree DELTAT BLWNDIR and WNDIR8S0 DIRSHR INDEX(I)

= VARIABLES =

HEIDKE SKILL SCORES
Dependent Independent
Data Set Data Set
1973-86 1987-88

A >13 24-35 0w-30 - 0.27 0.16
B >7 24-35 301060 --eee- 043 0.33
C >6 24-35 w60 11s4 0.45 0.36
D >7 24-35 30wed 1250 043 0.34
E >8 24-35 S30w6e) 1250 043 0.34
F >6 24-35 30w60 1250 0.43 0.34
G >7 24-35 30w6ed  13LS 045 0.36
H >8 24-35 30wed  I3SS 0.45 0.36
1 >6 24-35 w60 135 0.45 0.35
) >7 24-35 3060 1452 045 0.36
K >8 24-35 30weld K2 045 0.37
L >6 24-35 30w60 M4<2 045 0.36
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4. RESULTS. \

4.1 Verification of Declslo\h Trees. All 12 decision trees were verified against all observations for the 1973 1©
1986 period of record by using\standard verification matrices.  Table 4 shows the verification matrix for the
modificd Buffalo decision tree. \Thc numbers in the matrix represent the number of observations in which
lake-cffect snow did not occur (NCY or did occur (YES) on the abscissa against whether the tree did not forecast
lake-cffect snow (NO) or did forecast,it (YES) on the ordinatc. The numbcers outside the matrix are row and column
totals. In this example, there were 33&458 observations of no lake-elfcct snow when the tree had forecast none, and
1.614 obscrvations ol no lake-cffect snow when the tree did forccast snow. Similarly, there were 4,788 observations
of lakc-clfcct snow when the tree forecast none, and 1,679 obscrvations of lake-cffect snow when the trec did
forccast snow. Also shown in Table 4 is the Heidke skill score calculated for all 12 decision trees. The Hcidke skill
score ranges from zero 10 one, where zero represents no skill and onc represents total accuracy. In meteorological
applications, Heidke skill scores near (.40 arc considered good.

TABLE 4. Verification Matrix and Heidke Skill Score Calculation for the
Maudified Buffalo Lake-Effect Snow Forecast Decision Tree.

Observed Lake-Effect Snow: NO YES TOTAL
Modified Butfalo NO  33458(A) 4,788 38,246 (R1)
Decision Tree

Forecast YES 1,614 1,679 (B) 3,293 (R2)

TOTAL: 35072 (C1) 6467(C2) 41,539(T)

Heldke Skill Score: F-D/T-D,wherc F = A+Band D = (CIRI + C2R2)T

Modified Buffalo Tree Score = 0.27

4.2. Independent Verification. As an indcpendent test of the 12 decision trees, we verificd them against winter
observations from 1987 to 1988 and calculatcd Heidke skill scores. The independent verification also showed
considerable skill for the Griffiss AFB decision trees.  Verification results for both the dependent and independent
databases arc summarized in Table 3.

4.3. Implications for Griffiss AFB. Although the modificd Buffalo decision tree (Tree A in Table 3) did not
score as well as the others, this does not reflect on the effectiveness of the Bulfalo decision tree for making BufTalo
forecasts. However, for purposes of lake-cffect snow forecasting at Grilliss AFB, it is recommended that one of the
decision rees with a stability index be used as a guidc lor forccasting lakc-effect snow.




5. SUMMARY.

5.1 Development and Verification. USAFETAC/DNO developed 11 new decision trees for forccasting
lake-cffect snow at Griffiss AFB, NY. The Buffalo, NY, NWSFO decision tree, modified by requiring the boundary
layer and 850-mb wind directions 10 be between 240° and 350°, scrved as a model for the rest. Surface data for
Griffiss AFB, upper-air data for Buffalo, and Lakc Ontario water tcmperatures for 1973 to 1986 werc analyzed
statistically to obtain optimal valucs for the other decision tree variables for use at Griffiss AFB. Of the 11 resuliant
decision trees, stability indices were devcloped and used in 10.  All the trees were verificd against both the
dependent period of record (1973 10 1986) and an independent period of record (1987 10 1988). Results showed that
the modificd Buffalo decision tree had a lower Heidke skill score ((.27) when verified against the dependent period
of record than the other decision trees (0.43 10 0.45). When verified against the indcpendent period of record, skill
scores were proportionally lower, as expected.

5.2 Recommendations. USAFETAC rccommends that the customer sclect any of the 10 USAFETAC decision

trees with a stability index as a guide in forecasting lake-cffect snow at Griffiss AFB. Statistically, there are no
diffcrences among these methods, and case of implementation should dictate which is chosen.
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